Salinity is one of the major factors reducing plant growth and productivity worldwide and affects about 7% of world's total land area. In India about 6.73 million hectare of land area is salt affected. Wheat is the second most important crop after rice in India and occupies approximately 28.5 million hectare area. Several tolerance indices comprising of mean productivity (MP), geometric mean productivity (GMP), stress tolerance index (STI), stress stability index (SSI), tolerance index (TOL), yield index (YI) and yield stability index (YSI) were calculated in this investigation for salinity and its ability to understand which one or more predictor among studied indices based on correlation, principal component analysis and cluster analysis. Ten wheat genotypes were evaluated in two successive growing seasons (2012)(2013)(2014), with complete randomized design with three replications under both salinity stress and non-salinity to identify salt tolerant genotypes to the target environment. Multiple indices for salt tolerance were calculated based on the potential yield (Yp) under non-stress and yield (Ys) under stress conditions. The Ys and Yp showed highest significant and positive correlations with GMP, MP and STI among indices studied. Therefore, these indices were considered as a better predictor of Ys and Yp than TOL, SSI and YSI. Principal component analysis classified the genotypes into two groups. The first two PCs with eigen values >1 contributed 99.74% of the variability amongst genotypes. PC1 accounted for about 5.24% of the variation in salt tolerance indices and PC2 for 3.74%. The first PC was related to Ys, Yp, MP, GMP, STI and YI whereas the second PC related to Yp, TOL and SSI. The cluster analysis sequestrated ten genotypes into two clusters based on Ward's method. According to results, salinity significantly reduced the yield of some genotypes while some were found tolerant to stress indicating sufficient genetic variability for salinity tolerance among the studied genotypes. It could be implicated in selection of salinity tolerant wheat genotypes for the development of bread wheat varieties.
Introduction
Among abiotic stress, salinity is one of the major factors reducing plant growth and productivity worldwide, and affects about 7% of world's total land area (Flowers et al., 1997) . Percentage of cultivated land affected by salt is even greater, with 23% of the cultivated land being saline and 20% of the irrigated land suffering from secondary salinization. Furthermore, there is also a dangerous trend of a 10% per year increase in the saline area throughout the world (Ponnamieruma, 1984) . In India about 6.73 million hectare land area is salt affected out of which 3.77 and 2.96 million hectare are afflicted by sodicity and salinity, respectively (Mondal et al., 2010) . Wheat is the second most important crop after rice in India and occupies approximately 28.5 million hectare area (Singh, 2012) . According to estimates FAO (2006 FAO ( , 2007 and Rosegrant et al. (2001) , the global wheat production must increase by at least 1.6 per cent annually during 2010-2020 to meet a projected wheat demand of 760 million tons by 2020. In order to achieve this goal therefore, improving wheat productivity will be essential to meet the growing demand for food under shrinking cultivable land area. It is imperative in this context to look for tools not only to increase the crop productivity but also ensure protection against loss of potential productivity due to environmental vagaries (Kumar et al., 2012) . Several selection criteria have been proposed for selecting genotypes based on their performance in stress and non-stress environments (Fischer & Maurer, 1978; Rosielle & Hamblin, 1981; Fernandez, 1992) . Some researchers recommend selection under favourable environments, with a point of view that high yield potential is expected to sustain high yields under stress environments (Richards, 1996; Van-Ginkel et al., 1998; Betran et al., 2003) . Many scientists have chosen a compromise solution and believe in selection under both stress and non-stress conditions (Fischer & Mourer, 1978; Clarke et al., 1992; Fernandez, 1992; Mitra, 2001; Mohammadi et al., 2010; Nouri et al., 2011) . Fischer and Mourer (1978) proposed a stress susceptibility index (SSI) and showed that it is not independent of yield potential. Rosielle and Hamblin (1981) introduced a stress tolerance index (TOL) based on the differences in yields measured under non-stress (Yp) and stress (Ys) conditions. Rosielle and Hamblin (1981) defined mean productivity index (MP) as the average of Yp and Ys. But MP has an upward bias when there are larger differences between Yp and Ys. The geometric mean productivity (GMP), which is less sensitive to extreme values, is a better indicator than MP for separating superior genotypes in both stress and non-stress environments (Rosielle & Hamblin, 1981) . Fernandez defined a new stress tolerance index (STI), which can be used to identify genotypes which produce high yields under both stress and non-stress conditions. For selection based on a combination of indices, some researchers (Golabadi et al., 2006; Azizi Chakherchaman et al., 2009; Majidi et al., 2011) have used principal component analysis (PCA). PCA is one of the most successful techniques for reducing the multiple dimensions of the observed variables to a smaller intrinsic dimensionality of independent variables (Johnson & Wichern, 2007) . These tolerance indices have been widely used in different regions for the evaluation of wheat genotypes (Mohammadi et al., 2010; Mohammadi et al., 2011; Khakwani et al., 2011; Anwar et al., 2011) for drought but very limited work has been reported till date for salinity tolerance. To improve wheat yield and its stability in stress environments, there is a need to identify selection indices able to distinguish high yielding wheat cultivars in these conditions. Thus, the aim of this study was to evaluate the effectiveness of several salinity tolerance indices for screening and identification of salt tolerance wheat genotypes.
Materials and Methods

Experimental Arrangement and Plant Material
Pot experiment was laid out by planting ten bread wheat genotypes (Table 1) , based on highly contrasting morphological feature obtained from gene pool of Central Soil Salinity Research Institute (CSSRI), Karnal, and Sardar Vallabhbhai Patel University of Agriculture and Technology (SVPUA&T), Meerut, India. The experiment was laid out at the experimental farm, Department of Agriculture Biotechnology, SVPUA&T, Meerut, during November, 2012-13 and 2013-14 . Experimental soil was sandy loam with initial pH 7.2 and ECe 1.13 dSm -1 . To create the irrigation water of desired salinity level (EC iw = 10.0 dSm -1 ), required quantity of NaCl, Na 2 SO 4 and CaCl 2 (7:1:2) were thoroughly mixed with irrigating water (EC iw = 10.0 dSm -1 ), to the pots. The pot experiment was performed in complete randomized design (CRD) with three replications of two sets. Two level of soil salinity i.e, control (normal irrigation water) and saline (pre sowing with normal water and saline irrigation after 21 days of sowing) condition. 
Estimation of Salt Tolerance Indices
Salt tolerance indices for each genotype were calculated using the following formulas: (Bouslama & Schapaugh, 1984) ; (Gavuzzi et al., 1997) ; (Fernandez, 1992) ;
Geometric mean productivity (GMP) = (Fernandez, 1992) ; (Fischer & Maurer, 1978) ;
Mean productivity (MP) = (Rosielle & Hamblin, 1981) ; (Rosielle & Hamblin, 1981 ).
Where Y s and Y p are the yields of genotypes evaluated under saline (stress) and non-saline (non-stress) conditions and Y s and Y p are the mean yields of all genotypes evaluated under stress and non-stress conditions, respectively.
Statistical Analysis
The combined data of grain yield both under stress and non-stress conditions were subjected to analysis to estimate the simple statistic i.e., mean, standard error and simple correlation. Salt tolerance indices were analyzed by cluster and principal component analysis with the help of Software program 'SPSS' v 16.0 for windows. Cluster analysis identifies variable which are further clustered into main group and subgroups using Ward's method (Kumar et al., 2009 ). The genotypes in each cluster were also analyzed for basic statistics. This was done to interpret relationships among selection criteria, to compare genotypes on the basis of salt tolerance indices and to identify genotypes or groups of genotypes with a certain level of salt tolerance. All the statistical analysis was performed using SPSS v 16.0 (SPSS Inc., 2007, Chicago, IL, USA) software programme.
Result and Discussion
The pooled data of two-year (2012-14) revealed that mean grain yield of bread wheat genotypes varied from 2.95 to 5.35 gm plant -1 under stress environment, while mean yield of genotypes under non-stressed environment varied from 6.50 to 13.30 gm plant -1 . The genotypes G1, G10, G7, G8 and G2 had the best performance for grain yield in salt stressed conditions, while the genotypes G10, G7, G8, G6, and G2 had the best performance under non-stressed conditions, respectively ( Table 2 ). The genotypes also exhibited highly significant differences for all the salt tolerance indices (Table 3 ). The two-year mean values of screening methods for characterizing salt tolerance and adaptation of genotypes to different environments are presented in Table 2 . The highest TOL value was calculated for G7, followed by G10, G8, G9 and G6, indicating that these genotypes had a greater grain yield (GY) reduction under salt stress condition and higher salt sensitivity, whereas the lowest TOL value was found in G1, followed by G2, G3, G4 and G5, indicating these genotypes had a lower GY reduction in stress condition. According to SSI, the genotype G9, followed by G7, G8, G6 and G5 had the highest values, while genotype G1, followed by G3, G2, G6 and G4 had the lowest values, and were considered as genotypes with high salt susceptibility and poor yield stability in both stress and non-stress conditions. Based on ranking of MP, STI and GMP indices, genotypes G10, G7, G8, G6 and G2 had the highest values, whereas the genotypes remained had the lowest values. Similar ranks of the genotypes for MP and GMP parameters as well as STI suggest that these three indices are comparable for selecting genotypes. The highest YSI was obtained by genotype G1, followed by G3, G2, G10 and G4, whereas the lowest YSI was obtained for genotype G9, followed by G7, G8, G6 and G5. The genotype G1, followed by G10, G7, G8 and G6 had the highest YI and the genotype G2, followed by G9, G5, G4 and G3 had the lowest YI value. Note. The numbers in the parentheses are the ranks of the genotype for each index.
Ys -grain yield under stressed environment, Yp -Grain yield under non-stressed environment, SI -stress intensity, MP -mean productivity, GMP -geometric mean productivity, STI -stress tolerance index, SSIstress susceptibility index, TOL -tolerance index, YSI -yield stability index, YI -yield index. Note. ns, * and ** non-significant and significant at the 5% and 1% levels of probability, respectively.
Ys -grain yield under stressed environment, Yp -Grain yield under non-stressed environment, SI -stress intensity, MP -mean productivity, GMP -geometric mean productivity, STI -stress tolerance index, SSIstress susceptibility index, TOL -tolerance index, YSI -yield stability index, YI -yield index.
Correlation Analysis
The mean yield of ten genotypes in the stressed environment was reduced by 40% compared to the non-stressed environment, indicating that the genotypes experienced a moderate salt stress. The yield under salt-stressed conditions (Ys) had a very weak association with the yield under non-stressed conditions (Yp), indicating that high potential yield under optimal conditions does not necessarily result in improved yield in a salinity-prone environment. For example, the genotypes G10, G7, G8 and G6 produced the highest yield under non-stressed conditions but failed to produce high yields in the stressed environment. Therefore, indirect selection for such conditions based on the results of optimum conditions will not be efficient. These results are supported by Gholipouri et al. (2009) , Karimizadeh et al. (2011) and Anwar et al. (2011) who found a positive but non-significant association between yield in stress and non-stress environments. The results showed that the greater the TOL and SSI values, the higher the yield under non-stressed conditions and conversely, there was a trend for smaller TOL and SSI values to be associated with larger yield production under stressed conditions www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 3; ( Table 2) . These relationships are obvious in Karimizadeh et al. (2011) . Grain yield under stressed conditions (Ys) and non-stressed conditions (Yp) were significantly and positively correlated with MP, GMP and STI, which indicated that they were better predictors of Ys and Yp than TOL and SSI. The indices, MP, GMP and STI were able to identify high yielding wheat genotypes in both stressed and non-stressed conditions and these findings are consistent with the findings of Fernandez (1992) , Mohammadi et al. (2003) , Golabadi et al. (2006) , Mohammadi et al. (2010) and Nouri et al. (2011) . These three indices were correlated with yield under both environments (Table 3) .The YI and YSI were significantly and positively correlated with Ys, and negatively correlated with TOL and SSI ( Table 3 ), indicating that these two indices are useful to discriminate salt tolerant and yield stable genotypes. Mohammadi et al. (2010) was found that YSI to be a more useful index to discriminate tolerant from susceptible genotypes due to its negative correlation with TOL and SSI. Bansal and Sinha (1991) used SSI as stability parameter to identify drought-resistant genotypes of wheat. In this study, genotype G1, followed by G3, G2, G10 and G4 had the lowest SSI values and therefore, these genotypes have low salt susceptibility and high yield stability in both conditions, whereas the genotype G9, followed by G4, G8, G6 and G5 had the highest SSI value can be considered as genotypes with high salt susceptibility and poor yield stability in both stress and non-stress conditions. Similar results were reported in durum wheat by Golabadi et al. (2006) , Talebi et al. (2009) and Nouri et al. (2011) for drought tolerance evaluation.
Cluster and Principal Component Analysis
Germplasm improvement and genetic diversity is the key to reliable and sustainable production of the food crops.
For effective evaluation and utilization of germplasm, measure of extent of available genetic diversity is of utmost importance (Zubair et al., 2007) . The use of multivariate statistical algorithms is an important strategy for classification of germplasm and analysis of genetic relationships among breeding material (Mohammadi & Prasanna, 2003) . In order to maintain, evaluate and utilize germplasm effectively, it is important to investigate the extent of genetic diversity available. The cluster analysis sequestrates genotypes into clusters which exhibit high homogeneity within a cluster and high heterogeneity between clusters (Jaynes et al., 2003) . Cluster analysis (Ward's method) based on salt tolerance indices and grain yield under stressed and non-stressed conditions classified the genotypes into two groups (Figure 1 ) with five genotypes, each respectively. Within group genotypes show minimum variance and genetic distance, while between-group genotypes are dissimilar with maximum genetic distance (Table 5) . Phylogenetic (genetic) distance between cluster I and cluster II centres were 7.46. Members of each cluster are presented in Table 5 . Mean values along with standard deviation for each cluster (Table 5) revealed that genotypes in the cluster II showed moderate to highly salinity susceptible than genotypes in cluster I because mean value of YSI of cluster II higher than mean value of final cluster and cluster I (Table 4) . Similar results were obtained by various researchers worldwide previously i.e., Leilah and Al-Khateeb (2005) used seven statistical procedures to study the relationship between wheat grain yield and its components. Seventy wheat genotypes were evaluated for variability parameter including cluster analysis for eight traits by Ali et al. (2008) . Aharizad et al. (2012) applied cluster analysis using Wards algorithm and squared Euclidean distances and assigned 94 bread wheat inbred lines into three groups.
www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 3; Figure 1. Dendrogram resulting from cluster analysis of bread wheat genotypes based on studied trait In addition to correlation analysis, principal component analysis based on salt tolerance indices was constructed to identify superior genotypes for both stressed and non-stressed environments. Principal component analysis simplifies the complex data by transforming the number of correlated variables into a smaller number of variables called principal components. The first principal component accounts for maximum variability in the data with respect to succeeding components (Leilah & Al-Khateeb, 2005) . The analysis had grouped the estimated wheat variables into two main components. The first two components with eigen values >1 accounted for 99.74% of the total variation of grain yield. PC1 accounted for about 5.24% of the variation in salt tolerance indices and PC2 for 3.74% (Table 6 ). The first PC was related to Ys, Yp, MP, GMP, STI and YI whereas the second PC related to Yp, TOL and SSI (Table 6 ). The first PC was negatively related to SSI while PCII was negatively related to Ys, YSI and YI. MP, GMP, STI, TOL and SSI were strongly correlated with yield under normal irrigation and have significantly negative correlations with YSI, indicating that these indices are able to select salt susceptible genotypes which only perform well under non-stressed conditions and have poor yield stability. Ys has a significantly positive correlation with YSI, MP, GMP and STI, and a significantly negative correlation with SSI, indicating that these indices are also able to select salt tolerant genotypes which performed www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 3; well under stressed conditions and have low to moderate yield stability. Results are in agreement with Ahmad et al. (2008) who evaluated 113 accessions of barley by using cluster and principal component analysis. Note. Ys -grain yield under stressed environment, Yp -Grain yield under non-stressed environment, SI -stress intensity, MP -mean productivity, GMP -geometric mean productivity, STI -stress tolerance index, SSIstress susceptibility index, TOL -tolerance index, YSI -yield stability index, YI -yield index.
Conclusion
According to results, salinity significantly reduced the yield of some genotypes while some were tolerant to stress indicating that sufficient genetic variability was present for salinity tolerance among the studied genotypes. Based on correlation and principal component analysis it can be concluded that MP, GMP and STI were the best indicators of yield under both stressed and non-stressed environments because these indices had positive and significant correlations with Ys and Yp. Suitable genotypes can be selected both under stressed and non-stressed conditions using MP, GMP and STI indices as a means to combine information on performance.
